the same ZT but were truncated in the SD hamster.
which was significantly elevated compared to the SD group but, importantly, was not significantly different Thus, photoperiod clearly modulates the amplitude and wave form of gene expression in this peripheral tissue. In from the LD group profile. In order to confirm these observations in another tissue, we also studied the SD-R hamsters, there was a clear long-duration rhythm, Gene expression was analyzed by quantitative PCR and was plotted relative to Gapdh expression. Mean Ϯ SEM of n ϭ 3-4 hamsters per data point are plotted for LD (first column), SD (second column), SD-R (third column). SD (dotted line, diamond) and SD-R (solid line, square) data are replotted in the fourth column. The white and black bars indicate the light and dark phases, respectively. In the lung, there was a significant effect of time on Per1 expression of all groups (P Ͻ 0.05) and a significant effect of photoperiod between LD and SD animals (P Ͻ 0.05). Per1 expression in SD-R lung was significantly different from the SD animals (P Ͻ 0.001), but it was not significantly different from LD animals. In the heart, there was a significant effect of time on Per1 and Dbp expression for all groups (P Ͻ 0.01) and significant effects of photoperiod for LD, SD, and SD-R animals (P Ͻ 0.01). Both Per1 and Dbp expression in SD-R animals was significantly different from that of SD animals (P Ͻ 0.01).
heart. In LD, there was also a significant diurnal rhythm a peak at ZT14 (Figure 3, bottom row) . Similar to Per1, there was a loss of overt rhythmicity of Dbp in SD, but of Per1 expression, which peaked in the early dark phase. There was a marked attenuation of the heart Per1 a high-amplitude rhythm in SD-R animals (Figure 3 , bottom RH panel). The phasing of this SD-R rhythm was rhythm in SD, with a small but statistically significant elevation confined to the late-night portion of the cycle similar to that of Per1 for LD/SD-R animals, with a peak in expression at ZT12. The loss of overt rhythmicity of (Figure 3, middle row) . In marked contrast, SD-R animals exhibited a high-amplitude nocturnal peak of Per1 with Dbp and the generation of a low-amplitude Per1 rhythm in the heart on SD may reflect a significant loss or dampa 6-fold higher level compared to the SD group. Thus, in both the lung and heart, the Per1 rhythm exhibits ening of circadian regulation in this tissue on short day lengths. a significant increase in duration and/or amplitude in animals that become refractory to SD.
Our data now show that photoperiod regulates both clock and clock-controlled gene expression in periphIn many tissues, Per1 can function as an immediateearly gene, induced by different stimuli [21] [22] [23] [24] , and thus eral tissues. Furthermore, in SD-R hamsters, the amplitude and/or duration of expression of both Per1 and may not reflect an altered core circadian oscillator per se. In order to test further the hypothesis that altered Dbp are markedly increased compared to SD animals, despite both SCN and pineal rhythms remaining "locked" Per1 expression is due to a change in peripheral clock function, we extended our study to include Dbp, a clockto the ambient photoperiod. These observations therefore strongly implicate an intermediary component(s) controlled gene whose circadian expression is regulated by the action of core clock proteins on E box promoter driving these peripheral oscillators. A number of physiological systems are now implicated elements and therefore reflects clock output [25, 26] . In the LD heart, there was a pronounced Dbp rhythm, with in the regulation of peripheral oscillator function, includ- Figure 4) . A major conclusion from our study is
